In this work four species-specific primers and probes were designed and evaluated for the detection and quantification of bovine, ovine, swine and chicken mitochondrial DNA in feeds. PCR primers were optimized using conventional and Real Time PCR, to detect short species-specific sequences amplifiable from heat treated material. Both methods confirmed the high specificity of the primers designed. Real time quantitative PCR assay allowed the detection of as few as 0.01 ng and 0.05 ng of ovine and bovine genomic DNA, respectively. The detection limit for swine and chicken genomic DNA was 0.5 ng. Sensitivity levels observed in DNA extracted from meat samples processed according to EU legislation were different compared to those in genomic DNAs previously described. They resulted in swine 5 fg of MBM DNA, in chicken 25 ng, in ovine and bovine 50 ng. We confirmed the efficiency and specificity of primers in RT-PCR to detect 0.5% of bovine, ovine, swine and chicken MBM in contaminated feedstuffs. © 2007 Elsevier Ltd. All rights reserved.
Introduction
Bovine Spongiform Encephalopathy (BSE) was spread through animal feed containing infected meat and bone meal (MBM) (BSE Inquiry, 2000a, vol 1 and BSE Inquiry, 2000b vol 2). The BSE epidemic first recognized in the UK in 1986 reached most of the European countries. To date 187,000 case of EC (2002) Regulation 1774/2002). Since then, a considerable research effort has been directed towards the development of simple, reliable, high sensibility and low-cost analytical methods to detect MBM in animal feed, to avoid fraud and accidental contamination (see Gizzi et al., 2003 for a review). The first PCR application in MBM detection was reported by Tartaglia et al. (1998) . Thereafter, a number of investigations have demonstrated the utility of this technology in the detection and identification of species-specific components in MBM and feedstuffs (Krcmar & Rencova, 2001; Momcilovic & Rasooly, 2000; Myers et al., 2006; Yancy, Mohla, Farrell, & Myers, 2005) . PCR methods in fact reach precision and sensitivity levels difficult to achieve using microscopic examination, or impossible applying immuno-enzymatic assays, because of protein instability in heattreated material (Ansfield, Reaney, & Jackman, 2000; Baeten et al., 2005; Kim et al., 2005) . Attempts to establish multiplex PCR (Dalmasso et al., 2004) and real time PCR (RT-PCR) protocols in contaminated food and feedstuff have recently been reported (Krcmar and Rencova, 2005; Lopez-Andreo, Lugo, GarridoPertiera, Prieto, & Puyet, 2005; Mendoza-Romero et al., 2004; Taurai, Schumacher, & Roger, 2005) . Compared to conventional PCR, RT-PCR has the advantage of quantifying the small size products (from 66 to 145 bp), amplified from highly degraded source material, like rendered MBM. Recently (Frezza et al., 2003) , we demonstrated that short amplicons can be used to detect the presence of bovine mitochondrial DNA (mtDNA) in MBM samples treated according to the current European legislation (133°C, 20′, 3 bars) (Dept. of Agr., Food and Rur. Develop. http://www.irlgov.ie/daff/bse/bse.htm). While potentially offering a very sensitive method for the quantification of specific DNA targets, RT-PCR can produce biased results if applied to DNA concentrations outside the linear range of detection that varies from material to material and amplicon to amplicon. In this paper, we tested the performance of LightCycler RT-PCR using species-specific primers and probes to detect and quantify in feedstuffs bovine, ovine, swine and chicken MBM treated according to EU legislation.
Materials and methods

Samples preparation
To prepare MBM from different species, bovine, ovine, swine and chicken meat was chopped at a maximum particle size of 50 mm, autoclaved at 133°C for 20′ at a pressure of 3 bar (von Holst, Unglaub, & Anklam, 2001 ) and lyophilised. Commercial feedstuffs samples were contaminated by mixing bovine, ovine, swine and chicken MBM to 100 g of ground material, at final percentage of 0.2%, 0.5% and 1% MBM.
Genomic DNA of samples isolated from tissue and blood from different species, Bos taurus, Sus scrofa, Gallus gallus, Ovis aries, was used as positive control. Genomic DNA from mouse, dog, goat, buffalo, deer, horse and wild boar was used as negative control.
DNA extraction
Total DNA was extracted from 200 mg of meat, MBM and MBM contaminated feedstuffs using Wyzard Magnetic DNA purification system for food (Promega, California, USA), according to manufacturer instructions. DNA concentration was measured by spectrophotometric analysis (Biophotomer,Eppendorf, Germany).
Primer and probe design
Species-specific primers were designed for the detection of bovine, ovine, swine and chicken DNA ( Table 1 ). Sequences of different mtDNA genes were extracted from GenBank database (http://www.ncbi.nlm.nih.gov) and aligned using Clustal W software (http://www.ch.embnet.org/software/ClustalW.html).
Regions showing a low level of intra-species polymorphism and a relatively high degree of divergence among the species investigated were selected to design species-specific primer pairs, amplifying products shorter than 120 bp. To be used in RT-PCR, forward primers in B. taurus, S. scrofa, G. gallus and 159 r-GAAACTTCTTTAATCTCACG the reverse primer in O. aries were labelled at the 3′ with Thymine fluoresceine (iFL). Four species-specific probes were also designed and labelled with LC Red-640 at the 3′ end purchased from TIB Molbiol srl (Genova, Italy) (Table 1) . Universal primers for plant mtDNA were used to verify the absence of inhibition in PCR (Table 1) .
Conventional PCR protocol
Positive and negative DNA controls were included in all conventional PCR assays. DNA from feed samples contaminated with 0.2%, 0.5% and 1% MBM were analyzed to measure the amplification efficiency of species-specific primers, Standard PCR were carried out in an Applied Biosystem 9700 thermal cycler. Reaction mix contained 10-50 ng of DNA, 1 U of Taq Polymerase Platinum High Fidelity (Invitrogen, California USA), 1x Platinum High Fidelity buffer (200 mM Tris-HCl pH8.4, 500 mM KCl), 0.2 mM each dNTPs, 1.5 mM MgCl 2 , and 10 pmol of each primer in a 20 μl final volume. The amplification profile was: i) initial denaturation at 94°C for 2 min; ii) 30 cycles at 94°C for 10 s, annealing temperature and time according to species (Table 1) , extension: 72°C for 15 s; iii) final extension at 72°C for 2 min. Amplified products were tested by electrophoresis in a 2% agarose gel and visualized by ethidium bromide staining.
Real Time PCR
Real Time PCR (RT-PCR) was performed in a Light-Cycler amplifier (Light-Cycler, Roche, Germany) using a FRET detection system. Template DNA was amplified in a total reaction volume of 15 μl. The RT-PCR mixture comprised 1× PCR buffer (200 mM Tris-HCl pH 8.4, 500 mM KCl) 4 mM MgCl 2 , 0.2 mM each dNTPs, 10 pmol of each primer, 4 pmol of each labelled probe and 1U of Platinum high fidelity Taq polymerase (Invitrogen, California USA). The amplification profile initiated by a 2 min incubation at 94°C, followed by 40 cycles at 94°C for 10 s, annealing temperature and time differing among species (Table 1) , 72°C for 15 s. Serial dilutions of DNA from heat treated and untreated meat were amplified to construct the standard curve for each target species. The C t (crossing threshold) values, defined as the number of cycles needed to reach a defined relative fluorescence level (calculated by the Roche Light-Cycler Software 4.0), were plotted as a linear function of the Log of DNA concentration. A melting curve was plotted at the end of each run, to verify the specificity of the amplification product. For each experiment, the reaction efficiency for standard and sample curves was measured as described in the Roche Light-Cycler manual. Following Real Time PCR, products were also electrophoresed in a 2% agarose gel and visualized by ethidium bromide staining.
Results
Primer species-specificity
Primer pairs designed for the identification of bovine, ovine swine and chicken were tested for their speciesspecificity by conventional PCR. Amplification conditions were optimized in each species and verified in three independent laboratories. The test of primers-specificity against a panel of eleven animal species was negative with the exclusion of the corresponding specie (data not shown). Primer pairs resulted highly species-specific within the panel of species investigated, detecting only B. taurus, G. gallus and O. aries respectively. The swine-specific primers detected both domestic and wild boar. No amplification was observed when primers were tested on twelve plant species frequently found in feedstuffs (data not shown). PCR assays performed on feed samples contaminated by 0.2%, 0.5% and 1% MBM, showed a high sensitivity, detecting contaminations as low as 0.2% (Fig. 1). 
Light-Cycler RT-PCR assay
Construction of standard curves on animal and MBM DNA
To test the system, and assess the range of RT-PCR linearity, standard curves were constructed on genomic DNA, on MBM DNA from each target species. Cycle threshold (C t ) values from serial dilutions of genomic DNA were plotted versus the logarithm of the DNA concentration ( Fig. 2A) . Standard curves of bovine and ovine genomic DNAs had a linear quantization Fig. 1 . Sensitivity of conventional PCR amplifications, analysed by agarose gel electrophoresis, using specific primers for bovine, ovine, swine and chicken to detect species-species DNA sequence in contaminated eedstuff containing 1%, 0.5% and 0.2% of each MBM. Lane F: not contaminated feedstuff DNA; Lane M 100 bp ladder, Lane B: negative control. range between 0.05 and 50 ng and between 0.01 and 5 ng, respectively ( Fig. 2A) . Chicken and swine genomic DNA had a linear quantization between 0.5 and 200 ng, (higher dilutions for swine not reported) ( Fig. 2A) . Standard curves of bovine and ovine MBM (heath treated) DNAs had a linear quantization range between 50 and 200 ng (Fig. 2B) while the swine and chicken MBM DNA showed a good linearity in a range between 5 fg and 0.5 ng and between 25 and 200 ng, respectively ( Fig. 2C and D) . Regression coefficients (r) ranged from 0.80 to 1.00 in all experiments. Melting curve profiles of PCR products indicated the amplification of a single PCR amplicon. 
Test on contaminated feedstuff
To determine the efficiency and linear range of quantization of bovine, ovine, swine and chicken specific primers, dilutions (200, 150, 100, 75, 50, 25 and 5 ng) were prepared from DNA extracted from feed samples contaminated with 0.5% MBM of the four species (Table 2 ). The curve obtained for each speciesspecific primer show a good correspondence between the dilutions and the C t values (Fig. 3) . The increase of the slope indicates a lower efficiency in terms of cycles necessary to detect the presence of specific DNA. Swine and bovine primers showed a good efficiency to detect the presence of specific DNA on the multiple contaminated feedstuff. Chicken primers were slightly less efficient at higher dilutions of the contaminated feedstuff, while ovine primers were able to detect ovine MBM contamination at a dilution corresponding to as low as 5 ng of total DNA (Table 2 ). Universal Plant primers were used as control of amplificability and absence of inhibition effect on PCR (data not shown).
Discussion
The demonstrated BSE transmission through animal feedstuffs contaminated with the prion protein, has resulted in numerous efforts to develop and validate methods for detection of prohibited animal material in feedstuffs. In this study, we assessed the performance of new PCR primers specific for bovine, ovine, swine and chicken in detecting and quantifying MBM contamination in feedstuffs. Conventional PCR results showed a high specificity of primers when a panel of genomic DNA from mouse, dog, goat, buffalo, deer, horse and wild boar were used as negative control. Species-specific primers detected only B. taurus, S. scrofa, G. gallus and O. aries species. However swine primer showed positive amplification with genomic DNA from wild boar. Indeed this was expected, since swine and wild boar are a same species and cannot be distinguished through the analysis of mitochondrial DNA (Larson et al., 2005) . Species-specific PCR based assays have previously been reported for the identification of animal derived material in feedstuffs by amplifying mtDNA genes as cytochrome b, ATPase 8, ATPase 6 and 12 S rRNA (Chen, Wen, Ding, Kao, & Kuo, 2003; Herman, 2001; Myers et al., 2001; Rodríguez et al., 2004) . Nevertheless, primers here reported were designed to obtain amplicons smaller than 120 bp, detectable in highly degraded material (Frezza et al., 2003; Chiappini et al., 2005) . Indeed, during feedstuffs preparation, the DNA is degraded due to the hyperbaric treatment applied (133°C/3 bar for 20 min).
The sensitivity of species-specific primers on feed samples containing 0.2%, 0.5% and 1% of bovine, ovine, swine and chicken MBM was examined by conventional PCR. The detection limit was lower than 0.2% contamination for all primers, indicating a high sensitivity of this method when comparing it with the results obtained by Chen et al. (2003) and Rodríguez et al. (2004) , who reported a detection limit of 1%.
RT-PCR methods' aim is to reach an adequate sensitivity in the detection and quantification of very low amounts of degraded DNA from banned species in feedstuffs (Bellagamba, Comincini, Ferretti, Valfre, & Moretti, 2006; Krcmar & Rencova, 2001; Mendoza-Romero et al., 2004) . In this study an LC PCR assay was performed, to quantify genomic and MBM DNA from bovine, ovine, swine and chicken species. The melting curve constructed from RT-PCR confirmed the specificity of our primers. The assays using species-specific primers on bovine, ovine, swine and chicken genomic DNA permitted a linear quantization range starting from 0.05, 0.01 and 0.5 ng, respectively. These levels of sensitivity do not reflect the actual limit of species detection in this RT-PCR system, but the starting concentrations at which these species showed a linear range for quantification. Mendoza-Romero et al. (2004) , reported that standard curves are less reproducible using less than 8.5 fg of DNA. Accordingly, we have observed that as little as 5 fg of swine and chicken genomic DNA, still produced a detectable fluorescent signal, however at this concentration results were poorly reproducible (data not shown). Sensitivity levels observed in MBM DNAs were significantly different compared to those in genomic DNAs previously described. Interestingly while they resulted in lower levels in swine (5 fg of MBM DNA), they were higher in chicken (25 ng), ovine and bovine (50 ng), this probably depending on the different performance of the primers.
Quantitative RT-PCR assay was carried out also in a single feedstuff contaminated with 0.5% MBM from bovine, ovine, swine and chicken, to evaluate results in the case of complex contaminations. Our results indicate a high efficiency of ovine primers, detecting their target until the higher dilution (5 ng of total DNA, corresponding to about 25 fg of target DNA). According to previous results, a lower efficiency was observed at the same dilution using chicken primers on a same contaminated feed. Bovine and swine primers showed a good efficiency to detect the presence of specific DNA on the multiple contaminated feedstuff. The direct comparison of the different species-specific primers shows absence of interference among DNAs from different species observed as a linear correspondence to the progressive dilutions.
The RT-PCR is still the only species-specific technique available to quantify and detect sources of animal protein, (Bellagamba et al., 2006; Fumière, Dubois, Baeten, von Host, & Berben, 2006; Krcmar & Rencova, 2005) . Used in combination with complementary techniques such as inmunoassay and spectroscopy methods, it remains an important part of the approach used to determine the origin of animal protein present in feeds (Fumière et al., 2006) . The species-specific PCR assays evaluated in this study have potential as molecular tools that can be used for rapid and routine detection and quantization of bovine, ovine, swine and chicken MBM present in feedstuffs. We conclude that the occasional contamination (not fraudulent) of feedstuff can be efficiently quantified by PCR and RT-PCR methods because the MBM materials are processed at the pressure and temperatures requested by the EU guidelines. However in case of fraudulent contamination the temperature and pressure treatments are unknown therefore only qualitative analysis can be performed because a reference material is absent.
